The canopy transpiration of mountain mixed forest was investigated during summer 2006 at research plot Smrekovec in Tatra National Park in Slovakia after heavy windstorm in November 2004 on the area of 12,000 hectares. The research plot is situated in untouched forest at altitude 1249 m on the southern-east oriented slope. The forest is mixed with 80% of spruce trees and 20% of larch trees with rich under storey vegetation, 120 years old, 7th altitudinal vegetation stage. Whole tree sap flow based on up to dated stem tissue heat balance method was continuously measured in nine 120-years old larch and spruce trees. Stem basal area was used for tree-canopy up-scaling. Meteorological parameters were measured on the top of eddy stuff tower above investigated forest. Two virtual monocultures were assumed for characterizing of both species. The sap flow and tree transpiration were calculated for the whole measured period for both spruce and larch virtual forests.
Introduction
The portion of transpiration on mass water balance of the forest stand, ecosystem, or site is primarily determined by site climate conditions, which mean amount and distribution of precipitation, soil moisture content and evaporative demands of atmosphere reflecting the simultaneous influence of several meteorological factors (air temperature and humidity, soil water content, air circulation). Transpiration as a physiological process is reduced under stress conditions (Hanson et al. 2001; Gömöryová et al. 2006; Čermák et al. 2007) . Actual values of transpiration are limited mainly by soil water availability (Matejka et al. 2002; Schume et al. 2005; Zweifel et al. 2005; Nadezhdina et al. 2007 ) and on the other hand transpiration can be forced by dry air conditions in boundary layer. In response to water stress, plants regulate their transpiration by decreasing their stomatal conductance (Kozlowski et al. 1991; Kleidon 2006) . Vapour pressure deficit is an important environmental factor which, together with soil moisture, affects the gas exchange between vegetation and the atmosphere (Leonardi et al. 2000; Habermann et al. 2003) . A close statistical relationship exists between the vapour pressure deficit and the canopy resistance for the water vapour transfer (Granier et al. 2000; Tesař et al. 2006; Tesař et al. 2007; Střelcová et al. 2009 ).
This physiological control of transpiration depending on plant species and their anatomical, morphological, physiological properties and health, bio sociological position in the stand plays an important role in processes in boundary layer.
In November 2004, larch -spruce stands (LaricetoPiceetum forest community) in the Tatra National Park (TANAP) on the area of 12 000 hectares were affected by a catastrophic windthrow and one year later (in July 2005) wild fire broke out on a part (220 ha) of this area (Střelcová et al. 2009 ). Based on a literature survey, we can suppose that, as a consequence of changed microclimatic and soil moisture and microbial conditions Gömöryová et al. 2008 ) also changes in transpiration a physiological processes of dominant tree species -spruce and larch trees can be expected. The estimation of annual values of transpiration in these forests will be crucial for calculations of stand and regional water balances of TANAP area. Seasonal and diurnal dynamics of transpiration and sap flow rate can help to explain the behaviour of larch and sprucespecies important in the stability of these forests and their survival. This fact is important because of the least injured species was larch, due to short crown and small surface, and the needless conditions in the late autumn. Because not enough information is available on the differences in diurnal, seasonal and annual dy- namics of transpiration, sap flow rate and stomatal conductance in larch (broadleaves) and spruce (coniferous) trees and their reactions on conditions in boundary layer, our study focused on the assessment of some characteristics of these parameters measured directly at tree level and scaled up to the whole stand level. Two virtual monocultures (of the same number of trees) were assumed for characterizing of both species. The tree transpiration was calculated for the whole measured period for both spruce and larch virtual forests.
Material and methods

Site description and plant material
This study is a part of a broad investigation into the disturbance-induced changes coordinated by the Research Station of the TANAP (Slovakia) after heavy windstorm in November 2004. The canopy transpiration and stomata conductance of mountain mixed forest was investigated during summer 2006. Experimental research works were carried out in a mature mixed spruce-larch stand (Lariceto-Picetum) in the research plot Smrekovec in the area of TANAP (ϕ = 49 • 07 N, λ = 20
• 08 E, H = 1250 m altitude, 7 th altitudinal vegetation stage) in the Northern Slovakia (Fig. 2) . The investigated stand is located on a slope (10-20
• ) oriented to the south-east, in a climatically cold area with a mean ha (diameter at 1.3 m 14 cm and more) with rich understorey vegetation. The canopy characteristics are given in Figure 1 . The sap flow was measured in five spruce sample trees and four larch trees. Mensuration variables of sample trees are given in Table 1 . Considered tree classes with a significant sap flow rate are above 12 cm diameter.
Sap flow rate and stand transpiration Transpiration of the stand was estimated using upscaling of sap flow readings taken at sampled trees (Čermák & Kučera 1990; Čermák et al. 2004 ). Sap flow rates for particular trees were estimated applying the tree-trunk heat balance method (Kučera et al. 1977) . Results of continuous measurements since August 1 to September 30 performed on the spruce and large sample trees are given in this paper. One-minute sap flow values were stored as ten-minutes averages. Tree to canopy scaling was based on tree trunk basal area ratio (equations 1 and 2) with respect to the smallest tree of the canopy).
where: k is the number of diameter classes in the stand, ni is the number of trees in particular diameter class and
where: Qwti is the transpiration of average tree in particular diameter class, a0, a1 are constants of regression equation of certain biometric parameter and Bti is the average value of biometric parameter in each diameter class. Two virtual monocultures (of the same number of trees) were assumed for characterizing of both species. 
Canopy evapotranspiration
Penman-Monteith equation was performed on ten-minute step data set (equation 3). Penman equation describes water evaporation from a homogeneous short trimmed lawn well saturated with water according to the formula (here in terms of energy):
where: Rn -net radiation (W m −2 ), G -soil heat flux (W m −2 ), D -vapour pressure deficit (Pa), w -wind speed (m sec), γ -psychrometric constant (Pa K −1 ), ∆ -slope of saturation water vapour pressure deficit (Pa K −1 ), λ -water heat capacity (J kg −1 ), a, b -empirical parameters.
Microclimate
Environmental parameters (air temperature, air humidity, global radiation, precipitation) were taken from a meteorological tower (eddy stuff tower 30 m above the ground) situated in the investigated forest stand. Parameters were measured every 30 seconds and 10 minutes averages were recorded using DELTA-T equipments (by DELTA in Great Britain).
Results and discussion
The results of the stand transpiration (E ) issuing from the actual values of the sap flow measured on model spruce and larch trees are shown (Fig. 3 ) in comparison to calculated values of transpiration (E clc ). The contribution of both considered species to the whole water budget was found fairly proportional to their tree number. The rate of transpiration during the day and season shows high dynamics for both species and follows the radiation curve, when soil is moist (Fig. 3 and 4) . If the soil water is the limiting factor, transpiration rate decreases in dependence on the soil water availability (Schume et al. 2004; Pichler et al. 2004) . It is controlled by the energy supply, the vapour pressure gradient from leaves to air (Fig. 3) , the boundary layer resistance around the leaves or plant canopy, leaf resistance, and the water supply to the roots (Kozlowski et al. 1991; Čermák et al. 2008) . The boundary layer refers to the layer of vapour and other gases surrounding leaf surfaces in quiet air (Kozlowski et al. 1991) . The rate of transpiration increases as the steepness of the vapour pressure gradient increases from plant to air. Spruce trees were less sensitive to vapour pressure deficit than larch which started to close stomata rapidly under low vapour pressure deficit values ( Figures 3, 4 and 5). The average daily canopy transpiration was ca 1.0 mm during August -September time period and it reached maximum 2 mm a day (Fig. 6) .
From the point of view of the tree social status in the forest stand, we can state that the transpiration of subdominant individuals represents 10-30 % of the dominant tree transpiration values (Střelcová et al. 2006) . The value of daily transpiration totals of individual trees is proportional to their leaf area and their irradiation intensity. As leaves of the subdominant individuals get the direct radiation only exceptionally, or none, the water consumption for cooling, especially during clear sunny days, is several times lower than the one of co-dominant and dominant trees. There are also differences between tree species in mass of transpirated water. Transpiration rate of spruce canopy reaches about two-thirds of larch canopy transpiration rate at same conditions (Fig. 6 ). Seasonal and diurnal courses of sap flow rate can explain the behaviour of species important in the stability of these forests and their survival.
Based on our results we can conclude: 1. Maximum daily transpiration of the investigated forest in time period of August to September reached 2 mm/day (1.05 mm daily average total).
2. The contribution of both species to the whole water budget is proportional to tree number ratio.
3. The dependence of sap flow rate on vapour pressure deficit significantly differs between both tree species under low VPD values. 
